Abstract Objectives and design: Popliteal vein repair and ligation are the two main approaches to the treatment of the venous component of major, complex, knee injuries with vascular involvement. We have studied the incidence of pulmonary embolism following popliteal vein repair in trauma cases using computed tomography (CT) angiography and report the outcome. Material and methods: From June 2006 to December 2009, 45 patients with popliteal vein injury were operated on in our vascular unit using lateral venorrhaphy, end-to-end anastomosis, a saphenous vein interposition graft and venous patch repair. All the patients were operated on using a medial approach to the knee. On the third postoperative day, all patients underwent a colour Doppler scan of the repaired popliteal vein to study patency, and pulmonary artery CT angiography using a 64-slice multidetector CT scan unit to establish the incidence of pulmonary embolism. Results: The number of patients treated by each method were: lateral venorrhaphy 20 (44%), endto-end anastomosis 13 (29%), saphenous vein interposition graft 9 (20%) and venous patch repair three (7%). Two patients (4%) died because of sudden cardio-respiratory arrest the day after surgery with massive bilateral pulmonary artery embolism at autopsy. Popliteal colour duplex ultrasound imaging showed seven (16%) cases of complete vein thrombosis and seven (16%) cases of partial vein thrombosis. CT angiography showed pulmonary embolism in 11 (26%) patients. From seven patients with complete thrombosis three patients, and from seven patients with incomplete thrombosis five patients showed pulmonary embolism on CT angiography. Other than two cases of early mortality, five (12%) patients developed clinical manifestations of pulmonary embolism and 11 (26%) patients had pulmonary embolism detected by CT angiography. Seven (16%) of our patients had mild-tosevere pulmonary embolism and 13 patients (29%) had proven pulmonary embolism. The total mortality rate was 7%. Conclusion: A surprisingly high incidence of pulmonary embolism was observed after popliteal vein repair in civil trauma patients. Additional prophylactic methods such as using higher doses of heparin and using inferior vena cava (IVC) filters might be needed to prevent this potentially fatal complication. 1078-5884/$36 ª
Major, complex, knee injuries with a vascular component in the popliteal region have become common in Iran due to widespread use of motor vehicles, especially motorbikes. In motorbike accidents, the knees are subject to direct trauma. The high risk of amputation following these injuries necessitates research in this field.
There is no consensus on the approach to treatment of the venous component of these injuries. 1e3 The two main approaches are repairing and ligation of the vein. 4, 5 There is a view preferring repair of the vein as this has an acceptable patency rate (73%) and reduced morbidity compared with ligation. 2, 6 Considering the complexity of this surgery and the potential for the development of deep vein thrombosis, some authors suggest vein ligation as the method of choice. 7 At present, venous repair methods including primary venorrhaphy, end-to-end anastomosis and vein repair with patch or interposition graft are the recommended methods unless the patient's haemodynamic condition is unstable or there are associated injuries. 5, 8 When using either method, anticoagulation is recommended to reduce the risk of local thrombosis and pulmonary embolism (PE). 5 Venous thrombosis and PE are major complications of venous surgery. 9 We found several case reports discussing venous thromboembolism after popliteal vein repair but no study reporting the incidence and outcome of this complication. 5, 10, 11 The majority of these embolisms (75%) are either without any sign or symptom or show minimal and temporary illness; they might be completely missed by some practitioners. 5, 12 With technological improvements in computed tomography (CT) scanning methods and the availability of multidetector CT scans (MDCTSs), embolism in the pulmonary arteries can be detected with much higher sensitivity than before. These CT machines are so sophisticated that CT angiography of the pulmonary artery can be done with a patient visit of 5 min and an approximate scan time of 5 s or less. 13, 14 The aim of this study was to investigate the incidence of PE following popliteal vein repair surgery in urban trauma cases using CT angiography of pulmonary artery, and the outcome of these patients.
Patients and Methods
From June 2006 to December 2009, 45 patients suffering from popliteal vein injury, who were operated on using vein repair methods in our vascular unit, entered the study. The study protocol was approved by the Institutional Review Board of Shahid Beheshti University of Medical Sciences. Patient consent was obtained in all cases. All operations were performed with a medial approach to the popliteal vessels because, in most of them, prone positioning of the patient to access the popliteal fossa from behind was not possible. All patients received a loading dose of heparin (100 IU kg À1 ) during the operation, and 18 IU kg À1 h
À1
, by continuous infusion, after the operation and in the ward. As thrombosis is the natural consequence of venous repair, we used heparin treatment at a therapeutic dose. We monitored the coagulation profile of patients by activated partial thromboplastin time (aPTT), and aimed to keep this in the range 2e2.5 times the control level. Patients stayed on complete bed rest and had elastic bandaging of the treated limb with a 30 elevation of extremity for at least 24 h following surgical treatment. After the aPTT reached the desired level and the patient tolerated oral feeding, oral anticoagulation was started; and after the international normalised ratio (INR) reached 2.0e3.0, heparin was discontinued.
We included all trauma patients with popliteal injuries that needed popliteal vein repair in our series, even with concomitant arterial or bone injuries. We excluded patients with head, spinal column, abdomen or severe chest injuries and patients in class III and IV haemorrhagic shock and all other forms of shock. Patients with a reduced level of consciousness, acute renal failure, history of chronic renal disease and fat-embolism syndrome were also excluded. Patients with major pelvic fractures were excluded too, due to their greater incidence of vein thrombosis and PE. We treated the orthopaedic injuries first, followed by arterial and then venous injuries. We used a temporary vascular shunt primarily for patients in whom it was infeasible immediately to restore arterial flow. Contralateral saphenous veins were harvested for grafting in all cases. We used the Whiteside manometer technique for measuring intracompartmental pressure intra-or postoperatively to detect a possible compartment syndrome.
All cases underwent colour duplex ultrasound scanning of both lower limbs on the 3rd postoperative day to study the patency of the repaired popliteal vein and the presence of deep vein thrombosis in the other limb, as also the proximal extent of the thrombosis. Pulmonary artery CT angiography was performed routinely to assess patients for possible PE. CT angiography was performed using a 64-slice Siemens multidetector CT scan unit using Leonard software, with slow intravenous injection of 20 cc non-ionic contrast medium via a dual injector. Images were taken on a 0.625-mm thickness slice; and multiple axial, coronal and sagittal images were reconstructed by multiplanar reconstruction (MPR) image segmentation and volume-rendering technique (VRT), then evaluated by a cardiovascular imaging specialist.
If there was any respiratory difficulty or pulmonary artery embolism in the imaging results, the patient was transferred to the intensive care unit (ICU) and heparinised with higher doses of heparin (2000e5000 IU h À1 ) to achieve an aPTT of more than 150 s.
In patients who had no clinical evidence of PE as well as duplex ultrasonography showing no thrombus and a normal CT scan, oral anticoagulant therapy and an elastic bandage was continued for 3 months. In patients in whom thrombus was found in the popliteal vein or pulmonary artery, oral anticoagulant treatment was continued for 1 year.
Statistical methods
We have used the mean and standard deviation (SD) to represent ordinal data and frequency (percent) for categorical data. To evaluate differences between groups, we employed chi-square, Fisher's exact test and analysis of variance (ANOVA). All statistical analysis performed by Statistical Package for Social Sciences (SPSS) (version 17.0).
Results
Forty-five patients entered our study, of whom 27 were excluded after applying inclusion and exclusion criteria. The details of the patients included in our study are summarised in Table 1 . We treated no case of bilateral injury. In 14 (31%) patients, venous injury was diagnosed preoperatively due to external bleeding and, in 31 (69%) patients, intra-operatively, after exploring the popliteal vascular bundle. The average operating time was 2.3 (SD 0.8) h. The mean venous clamping time for venorrhaphy operations was 24 (SD 6) min, for primary anastomosis 36 (SD 6) min, in interposition graft operations 50 (SD 4) min and in venous patch repair 44 (SD 7) min (p < 0.001, ANOVA). For 20 (44%) patients, fourcompartment fasciotomy was performed; in 14 patients, this was done at the time of surgery because of increased compartment pressure and delay of the surgical procedure, and in six after elevation of compartment pressure due to venous graft thrombosis.
We had two patients (4%) who died because of sudden cardio-respiratory arrest the day after surgery, with massive bilateral PE showing at autopsy. Both patients were involved in motorbike accidents causing multiple bone injuries, including knee fracture and popliteal vein injury. In one patient, end-to-end anastomosis was performed, and saphenous interposition graft was the method of surgery in the second patient.
Colour duplex ultrasonography of the popliteal region showed seven (16%) cases of complete vein thrombosis with four cases operated on using the saphenous interposition method, two lateral venorrhaphy and one end-to-end anastomosis, respectively ( Table 2 ). The thrombosis extended proximally to the common femoral vein in four and to the common iliac vein in three patients. All seven patients developed leg oedema and elevated compartment pressure and six of them needed four-compartment fasciotomy. Other patients in this group were managed using elevation, elastic bandage and anticoagulant therapy. In two of these patients, manifestations of PE such as tachypnoea, tachycardia, respiratory distress and electrocardiogram changes were observed, and were transferred to the ICU. In these patients, the thrombosis extended to the common iliac vein.
In seven (16%) patients, duplex ultrasonography showed partial thrombosis of the repaired vein. In this group, one patient had an increased respiratory rate and mild dyspnoea combined with tachycardia, and was transferred to ICU. In the other 29 (64%) patients, duplex ultrasonography findings were normal, but two of these patients developed minimal signs of PE and were transferred to the ICU (Table 2) .
In addition to the two early deaths, five (12%) patients developed signs of PE. One of these was a candidate for pulmonary artery embolectomy, but died during the procedure. This patient had primary end-to-end anastomosis and total thrombosis of the repaired vein with extension to the iliac vein. Although he was adequately anticoagulated, a large amount of thrombus was found in his pulmonary arteries. Including the two early deaths, seven (16%) patients had mild-to-severe PE in total. We have not detected any 'fat-embolism syndrome' but two cases of deep vein thrombosis of the contralateral limb were found in our series. These two patients neither showed clinical manifestations of PE nor had PE on their CT angiography.
CT angiography of pulmonary artery with the beforementioned protocol was performed in 43 patients immediately after duplex ultrasonography. CT angiography showed PE in 11 (26%) patients with five (12%) of them being in the right and left pulmonary arteries and six (14%) on one side only. Of seven patients with complete thrombosis three patients, and of patients with incomplete thrombosis, five patients showed PE on CT angiography (Fig. 1) . Three others did not have any positive findings on duplex ultrasonography supporting thrombosis. The patient with complete thrombosis, who died during pulmonary artery embolectomy, had massive PE in both sides. Including the two early deaths, 13 (29%) patients had proven PE based on CT angiography and autopsy. Three patients required (7%) amputation, which were necessitated by the crash injury, arterial damage and delayed surgery. Postoperatively, minor bleeding complications due to anticoagulation including haematoma at the surgical site and wound bleeding, occurred in 21 (47%) patients. All were managed successfully by conservative means.
In our study, we had two (4%) cases of early mortality due to PE following vein repair and 11 (26%) cases of PE established in CT angiography. Hence, the total rate of PE was 29%. Five (12%) further patients developed clinical manifestations of PE. Of our patients, 16% had mild-to-severe clinical presentations with PE and the total mortality rate was 7% (Table 3) .
Discussion
During the World Wars, the standard approach in the treatment of popliteal vein injury was to ligate the injured vein. 15 During the Korean 16 and Vietnam wars, 17 the first attempts to conserve the popliteal vein were made, which was mostly accomplished using simple repair methods. By analysing the Vietnam Vascular Registry, 17 in the previous 5 years. 1 Gaspar and Treiman were the first group suggesting lateral venorrhaphy method to have superior outcome compared with ligation in popliteal injuries in urban trauma. 19 At the present, repair of the popliteal vein is recommended if the patient can tolerate the operation. 5 In the present study, we found the patency rate to be 85% on the third postoperative day. Thrombosis occurred in 15% of patients, which is similar to that of previous reports.
1 There was no difference in outcome between simple (venorrhaphy) and complex (anastomosis, interposition graft and patch repair) methods. The venous clamping time was greater for the more complex types of repair. The type of venous repair and the degree to which one should pursue a venous repair in civilian patients with trauma is not well established. Principally, when luminal sizes are compromised or extensive venous wall damage occurs, a complex venous reconstruction is preferred. 2 Venous repair for popliteal vein injury is associated with less venous hypertension and a reduced rate of chronic venous insufficiency. It may help achieve better arterial Figure 1 Axial sections of a pulmonary CT angiography performed for a 38 year old patient, operated on using an interposition vein graft for acute venous trauma, showing bilateral pulmonary artery embolism.
flow and patency in concurrent arterial repair causing better limb salvage rates compared with the ligation method. 2,20e22 The increased probability of thrombosis and its side effects such as PE in popliteal venous repair have not been completely understood.
There is an increased risk of early postoperative complications in the lower limb following the ligation method that cannot be dealt with using limb elevation and elastic bandaging. 7, 23 Because of limitations of our knowledge about the outcomes of the repair method compared with ligation, there is no established preference between these two methods. Quan et al. reported no difference in the incidence of venous thrombo-embolic complication between venous injuries managed by open repair or ligation.
1 However, their study was performed in military trauma cases and the mechanism and extent of military injuries might be different compared with civil injuries. There is not even a consensus considering different methods of repair. Meyer et al. reported more thrombosis in the interposition graft method compared with lateral venorrhaphy. 24 Papas et al. have reported a patency rate of 73% for complex vein repair in 30 days' follow-up. 2 Although our follow-up period was shorter, we had a similar patency rate. It has been reported that grafts staying open in the early postoperative period remain patent in the long term. 11, 25 In our study, we used anticoagulation, elevation and elastic bandage to help the repaired vein stay open, but sequential compression stockings were not used because they were not applicable in all patients, including those with complex bone injuries.
The main goal of our study was to determine the incidence of PE in early postoperative period following popliteal vein repair. We found a higher incidence of PE than in previously reported studies. This may have been due to the higher sensitivity of CT angiography in detecting PE 14 that has not been used previously to assess the outcome of this treatment. We were unable to detect any other source of the PE; hence, we consider that the repaired vein was the source. One possible explanation for the higher rate of thrombosis and PE in this study compared with previous studies conducted mostly on war casualties could be the nature of civil trauma. Many of our patients suffered blunt trauma, which may have led to more extensive vein injury than we had suspected, resulting in failures of the vein repair procedures and in and PE.
The more complex methods of vein repair (end-to-end anastomosis, interposition graft and patch repair) were associated with a higher PE rate than simple methods (venorrhaphy). However, as this was an observational study, this finding may simply be due to the more complex procedures being undertaken in more severely injured patients, who are more susceptible to venous thrombo-embolism. No patient underwent vein ligation; hence, we cannot comment on the rate of PE that may have resulted from this type of treatment. We believe that increasing the heparin dose to raise the aPTT to more than 2e2.5 times the control values as suggested in the American College of Chest Physicians (ACCP) Guidelines for therapy of thrombo-embolic disorders 26 might be appropriate. We also suggest the use of an IVC filter immediately before or after surgery as prophylaxis, at least if complex vein repair is performed or in patients with other significant injuries. 27 The use of vein ligation rather than reconstruction may be appropriate in some patients.
We have started using retrieval IVC filters as prophylaxis immediately before surgery and the results will be compared with this group of patients in a future study. One major limitation of our study was our inability to definitely differentiate fat embolism, as an important complication in bone fractures, from thrombo-embolism unless the 'fat-embolism syndrome' with pulmonary, neurological, dermatological and haematological signs was present.
Conclusion
Popliteal venous repair has been advised instead of popliteal vein ligation to minimise the risks of chronic venous insufficiency. Our series shows that this has an acceptable patency rate in trauma cases but is associated with the risk of PE. We suggest that additional prophylactic measures should be considered in such patients to minimise the risk of PE. Prophylactic methods might include employing higher doses of heparin and the use of IVC filters. 
